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Abstract 
This paper presents the potential of thermoelectric generators as a power generation system using heat from the salinity gradient solar 
pond. A thermoelectric cell bank module with 16 thermoelectric generators was designed and fabricated. The module was tested under 
varying temperature differentials to determine its performance characteristics and suitability to generate power from a typical salinity 
gradient solar pond. The thermoelectric generator system was designed to be powered by the hot and cold water from the salinity gradient 
solar pond. The system is capable of producing electricity even on cloudy days or at night as the salinity gradient solar pond acts as a 
thermal storage system. The results obtained have indicated significant prospects of such systems to generate power from a low grade heat 
for remote area power supply. 
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1. Introduction 
Currently fossil fuels are the major source of power generation.  The cost of power generation using traditional fossil 
fuels is increasing. This can be attributed to the finite availability of fossil fuels and the increasing difficulty in extracting 
them. Another important factor pertaining to fossil fuels is the release of greenhouse gases which have been associated with 
global warming. Using renewable sources to generate electricity is one of the strategies for lowering greenhouse gas 
emissions. Solar pond is a simple and low cost solar energy system which collects solar radiation and stores it as thermal 
energy for a relative longer period of time. When solar radiation penetrates through the solar pond surface, the infrared 
radiation component is first absorbed in the surface mixed layer or upper convective zone. However, this heat is lost to the 
atmosphere through convection and radiation. The remaining radiation will subsequently be absorbed in the non-convective 
zone and lower convective zone before the last of the radiation reaches the bottom of the pond. In these ponds, the solution 
is heavier in the lower region because of higher salt concentration. As a result, the natural convection that takes place in 
normal ponds is suppressed. Solar radiation penetrating to the bottom region is thus absorbed there, and temperature of this 
region rises substantially since there is no heat loss due to convection. The temperature difference created between the top 
and the bottom of the solar ponds can be as high as 40 70 0C. The collected and stored heat can be extracted and used for 
industrial process heat, space heating, and even power generation [1]. Figure 1 show the temperature and salinity profile of a 
typical salinity gradient solar pond (SGSP). 
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Fig. 1. Salinity-Gradient solar pond (SGSP) 
 
2. Thermoelectric Generator 
A thermoelectric generator is a device which converts heat directly into electrical energy. The process is called the 
Seebeck Effect [2, 3]. The application for utilizing thermoelectric module for power generation has been widely studied and 
tested. For instance, there are micro thermoelectric generator for portable electronic devices, waste heat recovery system 
from automotive industry as well as furnace industry. Figure 2 shows a schematic diagram for a thermoelectric generator 
(TEG). When heat is transferred from the heat source to the heat sink, electricity is generated in the TEG. This voltage 
generated is directly proportional to the temperature difference of the heat source and heat sink. Higher the temperature 
difference, the higher the voltage and vice versa.  The TEG will still produce some potential difference even at very low 
temperature differences.  
 
Fig. 2. Schematic diagram of a thermoelectric element. 
 
In this paper, the thermoelectric generator is based on bismuth and telluride (BiTe) as n-type and p-type semiconductor. 
BiTe cells are one of the most widely used as thermo electric units with low operating temperature range (< 250 0C), high 
Seebeck coefficient (~ 190 μV/K) and high figure of merit (~ 2 x 10-3 K-1). Thermoelectric cells with individual dimensions 
of 40 mm (L) x 40 mm (W) x 3 mm (T) and 127 p-n junctions per cell were used. The voltage generated from a TEG can be 
calculated from the following formula:  
 
                                                                                                                       (1) 
                                                                                        
Where SB and SA are the Seebeck coefficients of the two metals, and T1 and T2 are the temperature differences between 
the TEG heat source and heat sink. The Seebeck coefficients are a nonlinear function of temperature. The relatively low 
in electrical 
power generation and has restricted their use to specialised situations where reliability is a major consideration [4]. 
However, one exception is the thermoelectric recovery of waste heat when it is unnecessary to consider the cost of the 
thermal input [5]. Consequently, the low conversion efficiency is not a serious drawback. Furthermore, the TEGs have no 
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moving parts and can be customised to meet any power requirement. Additionally, if the cost of the thermal input is zero 
like the heat obtained from the SGSP, the low conversion efficiency of the TEG is not a serious drawback. 
Figure 3 shows the SGSP at RMIT University. The size of the solar pond is 50m2. Due to the salinity gradient established 
in the pond, heat is trapped at the bottom of the pond due to the absence of convection current in the non convecting zone 
(NCZ). 
.  
Fig. 3. Salinity-gradient solar pond located at RMIT University, Australia. 
 
Figure 4 shows that the temperature at the bottom of the pond is higher than the top surface of the pond. This enables the 
SGSP to provide both hot and cold water needed to produce electricity from the thermoelectric generator. It is evident that 
the temperature difference required for the operation of TEG can be easily obtained. This can be achieved by using the 
water from the SGSP bottom layer for the hot water source and the cold water source can be obtained from the SGSP upper 
convective zone (UCZ), which is almost near to the ambient temperature.  
 
 
 
Fig. 4.  Monthly Average Temperature on RMIT SGSP. 
3. Laboratory set up and testing 
In this paper, an experimental rig was developed to generate electricity from SGSP with 16 TEGs connected in series. 
The TEGs are each arranged in a tablet with 8 TEGs in each tablet. The tablets are made of aluminium plates with 1mm 
thickness to achieve good heat transfer across the TEGs.  The two tablets are arranged such that the hot water goes through 
the central channel and the cold water will be channelled to the outer channels, as shown in figure 5. Both the flow in the 
hot and cold channel is in counter flow arrangement. The heat transfer through the TEGs will be determined by the 
temperature difference between the hot and cold side of the fluid. The hot water for the experimental setup was supplied by 
the hot water urn. This hot water urn is placed at 1m distance above the experimental setup. The water is channelled to the 
middle channel of the experimental setup using the gravitational force. The rate of the flow was controlled by the valve at 
the bottom of the hot water urn. The mass flow rate of the hot water was set at 0.021kg/s. The temperature of the hot water 
is controlled by using a temperature sensor immersed in the hot water bath of the hot water urn. Figure 6 shows the actual 
experimental setup used to conduct the experiment at Renewable Energy Lab, RMIT University. Figure 7 shows the 
53 Baljit Singh et al. /  Procedia Engineering  49 ( 2012 )  50 – 56 
schematic view of the TEG experimental setup for power generation. The cold water is supplied at a rate of 0.14kg/s. This 
cold water is obtained from a cold water supply tank with a submersible pump. The submersible pump supplies cold water 
at a constant rate. The cold water tank is insulated and the cold water is maintained at almost 00C by adding ice cubes into 
the cold water tank. This temperature is maintained throughout the experiment. This is to simulate the temperature of the top 
layer of the SGSP during winter or water sources available in countries during winter, where the temperature of the water is 
around 0 0C. Power output from the experimental setup was obtained by connecting an electronic load with variable 
constant resistance. On applying an external electric load, an electric current is produced and electric power was generated. 
The produced electric power can be directly used for applications requiring direct current, or converted into alternating 
current if needed. The electric energy thus produced can be also continuously stored in batteries to provide power to 
intermittent loads, which may have a higher demand than the capacity of the thermoelectric cells for a period of time.  
 
Fig. 5. Schematic view of the TEG setup components 
 
TEG 
 
Cold Water In 
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Fig. 6. TEG experimental setup for power generation. 
 
   
 
Fig. 7. Schematic view of the TEG experimental setup for power generation. 
4. Results And Discussions 
Figure 8 shows the plot of output current, Iout [A] versus output voltage, Vout [V]. The plot was obtained for temperature 
difference of 400C, 600C 800C and 1000C. The cold side temperature was maintained at 00C and the hot side water 
temperature was set at 400C, 600C, 800C and 1000C respectively to obtain the temperature differences stated above. From 
figure 8, it is shown that the relationship between output current, Iout [A] and output voltage, Vout [V] is linear. As the 
temperature difference between the hot and cold side of the fluid increases, the output current, Iout [A] and output voltage, 
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Vout [V] increases proportionally. This is due to the higher amount of heat transfer for the higher temperature difference that 
results in increase of electrical power generated by the TEGs.  
 
Fig. 8. Output current, Iout [A] versus output voltage, Vout [V]. 
 
Figure 9 shows the graph for output power, Pout in Watts [W] versus output voltage, Vout [V]. As the temperature 
difference between the hot fluid and cold fluid increases, the amount of power generated also increases. The power curve in 
figure 9 was obtained by varying the resistance from the electronic load connected to the experimental setup. Maximum 
power was obtained when the resistance of the electrical load applied matched the resistance of the 16 TEGs connected in 
series used in the experimental setup.  For a temperature difference of 400C, 600C, 800C and 1000C, the maximum power 
obtained was 0.73 W, 5.92W, 7.30W and 9.56W respectively. All maximum output was recorded at external load resistance 
of 27.5 ohms, [Ù]. This indicated that the total resistance of the 16 TEGs connected in series was 27.5 ohms, [Ù]. 
 
Fig. 9. Output power, Pout in Watts [W] versus output voltage, Vout [V]. 
  
Figure 10 below shows the relationship between the open circuit volatge, Voc [V] and temperature difference,  for the hot 
and cold fluid used in the experimental setup. The relationship between open circuit volatge, Voc [V] and temperature 
difference is linear. This shows that the open circuit volatge, Voc [V] will vary proportionally with the temperature 
difference. The linear equation, obtained from the results of the experiment from figure 10 is shown below. 
 
Voc = 0.333 T                                                                                                                (2) 
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Fig. 10. Open circuit volatge, Voc [V] versus temperature diffrenece, T [0C]. 
5. Conclusion 
From the results, it is shown that the thermoelectric generators are capable of producing power using the heat from 
salinity gradient solar pond. The amount of power produced is linear to the temperature difference across the thermoelectric 
generators.   The designed experimental rig was able to provide maximum power of 9.56 W which was obtained at 15.67 V 
and 0.61 A when the temperature difference of 100 0C was maintained across 16 thermoelectric cells. In this case, the open-
circuit voltage and the short circuit current values of 31.20 V and short circuit current at 1.31 A respectively were obtained. 
The proposed thermoelectric module will be most suitable for small-scale applications of solar ponds for power generation. 
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